Sustainable agricultural landscapes by definition provide high magnitude and stability of ecosystem services, biodiversity and crop productivity. However, few studies have considered landscape effects on the stability of ecosystem services. We tested whether isolation from florally diverse natural and semi-natural areas reduces the spatial and temporal stability of flower-visitor richness and pollination services in crop fields. We synthesised data from 29 studies with contrasting biomes, crop species and pollinator communities. Stability of flowervisitor richness, visitation rate (all insects except honey bees) and fruit set all decreased with distance from natural areas. At 1 km from adjacent natural areas, spatial stability decreased by 25, 16 and 9% for richness, visitation and fruit set, respectively, while temporal stability decreased by 39% for richness and 13% for visitation. Mean richness, visitation and fruit set also decreased with isolation, by 34, 27 and 16% at 1 km respectively. In contrast, honey bee visitation did not change with isolation and represented > 25% of crop visits in 21 studies. Therefore, wild pollinators are relevant for crop productivity and stability even when honey bees are abundant. Policies to preserve and restore natural areas in agricultural landscapes should enhance levels and reliability of pollination services.
INTRODUCTION
Agriculture and urban settlements cover almost 40% of EarthÕs icefree terrestrial land, with an additional 37% being rangelands and semi-natural habitats that are embedded within agricultural or settled landscapes (Ellis et al. 2010) . This large footprint of agriculture is a continuing challenge for sustainability, which involves decisions at the landscape scale to increase agricultural production for a growing human population, while maintaining multiple ecosystem services and biodiversity (Zhang et al. 2007 ; Royal Society of London 2009). The stability of ecosystem functions is a component of sustainability that has received great attention (Balvanera et al. 2006; Haddad et al. 2011) , particularly for plant community biomass and productivity (e.g. Doak et al. 1998; McCann 2000; Isbell et al. 2009 ); however, empirical evidence for other ecosystem services is scarce (Kremen 2005) . Flower-visiting animals, especially insects, provide pollination services by delivery of sufficient quantity and quality of pollen at the appropriate time and place for ovule fertilisation in c. 70% of crop species worldwide (Klein et al. 2007 ). Temporal and spatial stability of pollinator diversity and pollination services is important for the conservation of natural plant and animal populations, as well as for maintaining reliable and predictable crop productivity.
Natural or semi-natural areas (hereafter natural areas for brevity) within agricultural landscapes often provide habitat for wild pollinator species, from which they forage on flowering crop and weed plants in agricultural fields Ricketts et al. 2008; Westphal et al. 2008) . Although flowering crops themselves often provide important resources for many pollinator species, the short duration of floral availability, low diversity of floral and nesting resources, and pesticide application and tillage often compromise the capacity for these cropped areas, on their own, to support diverse and abundant pollinator communities Williams et al. 2010) . Optimal foraging theory predicts that distance (isolation) from natural areas decreases mean levels of pollinator richness, visitation rate and therefore pollination of crop flowers (e.g. Pyke 1984; Cresswell et al. 2000) . The assumptions underlying these predictions are that a majority of pollinators are central place foragers with fixed nest sites such as in the soil, plant stems, or trees within the natural areas, that there is an energetic cost for flying and that flowers within a crop monoculture do not differ from one another in the reward they provide in terms of diversity of sugars, amino acids, micro-vitamins and minerals (Blüthgen and Klein 2011) . These assumptions are realistic for non-parasitic bees (Hymenoptera, Apoidea), the most important pollinators worldwide (Klein et al. 2007; Kremen et al. 2007) . A recent synthesis showed that mean levels of flower-visitor richness and visitation rate in croplands decline with distance from natural areas (Ricketts et al. 2008) ; however, the effects on temporal or spatial stability are not well understood and have seldom been analysed even in individual studies (but see e.g. Kremen et al. 2004; Klein 2009 ).
The stability of flower-visitor richness and visitation rate to crop flowers, here defined as high among-day (temporal) or among-plant (spatial) predictability (i.e. low variability) during crop bloom, are also predicted to change with distance to natural areas. Specifically, higher mean richness closer to natural areas may in itself produce pollinator communities that are more stable over space and time (Ebeling et al. 2008) because of complementarity and specialisation among species (Hoehn et al. 2008; Blüthgen and Klein 2011) , response diversity (Winfree & Kremen 2009 ), and sampling effects (Tscharntke et al. 2005 ) among others. Furthermore, agricultural practices such as agrochemical applications can also destabilise plant-pollinator communities because of contrasting conditions in the fields before and after chemical use . If seed and fruit production are pollen limited, low and variable pollination services provided by depauperate pollinator communities far from natural areas can translate into a lower mean and higher variability of crop yield (Klein 2009; Garibaldi et al. 2011) . This effect should be greater for crop species with higher dependence on biotic pollen deposition and lower capacity for abiotic-or self-pollination (Garibaldi et al. 2011) . However, to date, empirical evidence linking pollinator richness or visitation rate with crop fruit set as a function of distance from natural areas is weak (Ricketts et al. 2008) , and the effects on stability have not yet been explored through a quantitative synthesis.
Differences in pollinator functional types across global regions, such as the prevalence of Bombus spp. (bumble bees) in some temperate zones or Meliponini (stingless) bees in the tropics, may greatly influence the response of pollinator communities, and thus pollination services, to landscape structure (Ricketts et al. 2008; Williams et al. 2010) . For example, effects of isolation from natural areas are expected to be lower for pollinators with large flight ranges such as Bombus spp. than for smaller species such as Meliponini with shorter flight ranges (Gathmann & Tscharntke 2002; Steffan-Dewenter et al. 2002; Westphal et al. 2006; Greenleaf et al. 2007; Klein et al. 2008 ). In addition, pollinators that are not central place foragers, such as pollen beetles and syrphid flies, may (Blanche & Cunningham 2005; Meyer et al. 2009) or may not (Mayfield 2005; Jauker et al. 2009 ) depend on natural areas for different resources.
Isolation effects should also be less pronounced for Apis mellifera L. (honey bee), the most important crop pollinator species worldwide, because of its broad diet, longer foraging ranges compared with most solitary bees, and its ability to locate and utilise discrete patches of resources in the wider landscape efficiently using scouting (Gathmann & Tscharntke 2002; Steffan-Dewenter et al. 2002; Steffan-Dewenter & Kuhn 2003) . Furthermore, A. mellifera frequently occurs both as domesticated colonies in transportable hives worldwide, but less commonly in lowland tropics (see also Table 1) , and as wild native species in Europe and North Africa or as feral populations in all other continents except Antarctica. Managed colonies can be placed in almost any habitat, depending on the demand for commercial pollination or honey production. Therefore, the presence of A. mellifera in almost every agricultural landscape in the world may buffer the negative influence that isolation from natural areas may have on crop fruit set.
Using data from 29 crop pollination studies, we explored through hierarchical Bayesian analyses the influence of isolation from natural areas on the temporal and spatial stability and the mean levels of flower-visitor richness, visitation rate to crop flowers, and seed or fruit set. We also assessed whether these effects varied with insect identity (A. mellifera, Bombus spp., and all insects but A. mellifera), degree of crop dependence on pollinator services, and biome (temperate, Mediterranean, and tropical). We found both lower stability and mean levels of pollination services (measured as seed or fruit set) provided by depauperate pollinator communities (measured as richness and visitation rate) with increasing isolation (distance) from natural areas.
MATERIAL AND METHODS

Studies and variables
Our synthesis includes data from 29 studies on a total of 21 crops from 15 countries on five continents. We did not include studies from which visitation rates could not reliably be partitioned into A. mellifera and other flower-visitor species, as we expected different responses of A. mellifera to landscape structure. In addition, we did not include data from passive sampling techniques such as pan traps as such methods do not exclusively sample the insect species visiting crop flowers (Westphal et al. 2008 ; Table 1 ). For those studies based on manipulative experimentation, such as control (open) vs. hand-pollinated flowers, or control vs. flower-visitor exclosure (bagged), we always chose the control (open) treatment for comparison across studies. Table 1 Crop pollination studies used to synthesis the general influence of isolation from natural or semi-natural areas on the temporal and spatial stability and the mean levels of pollination services Our synthesis adds seven new studies to the previous comprehensive synthesis of pollination services (Ricketts et al. 2008) . We also include a novel analysis of the spatial and temporal stability of pollination services, as well as for mean levels of A. mellifera and Bombus spp. as individual species or species groups. We could not use previous synthetic databases (e.g. Ricketts et al. 2008 ) because they did not provide information for spatial or temporal variation within each site and did not include data for sub-replicates within each replicate (Table 1) . Therefore, data were provided and checked by authors of each study as they were not available in most associated published articles (see below, Table 1 ). For fruit set analysis, we omitted two studies (kiwi and passion fruit) included in the synthesis by Ricketts et al. (2008) , since these studies did not possess temporal or spatial sub-replicates (Table 1) . Appendix S1 in Supporting information provides details on the field methods for the four unpublished studies included in our synthesis (see also Tables 1 and S1). We extracted data on isolation from natural areas, flower-visitor richness in croplands, visitation rate to crop flowers, and seed or fruit set (hereafter fruit set for brevity) when available from each study. Visitation rate to crop flowers was obtained for three main pollinator groups: A. mellifera, Bombus spp., and all visitors except A. mellifera. Our analysis treats A. mellifera as a single group because managed or feral colonies cannot be distinguished from one another in field observations of crop flowers (Table 1) . Only three of the 29 studies were mainly pollinated by taxa other than bees: Annona squamosa L. · A. cherimola Mill. hybrids (Atemoya) in Australia pollinated by Nitidulidae (beetle family), Mangifera indica L. (Mango) in South Africa by Formicidae, Elaeis guineensis Jacq. (Oil palm) in Costa Rica pollinated by Elaeidobius kamerunicus Faust (Curculionidae, African oil palm weevil; Table 1 ).
We chose linear distance to the closest natural areas as our isolation measure because it was reported by the largest number of studies. We followed the decision of the authors of each study regarding what constituted natural areas known to support pollinator populations. Five studies measured isolation only as proportion of natural areas within a circle of a given radius specific to each study. As we needed a single common measure across all studies, we used a model to estimate distance to the closest natural areas for these five studies.
Using the 14 studies that measured both variables (Table 1) , we developed a predictive model of log 10 (distance · radius )1 ) as a linear function of log 10 (proportional area), following the approach of Ricketts et al. (2008) . We parameterized this relationship as a mixedeffects model with the lme function of the nlme package in R (R Development Core Team, 2010), with fixed effect estimates of the slope and intercept, while allowing for study-level random variation in both coefficients. We used restricted maximum-likelihood estimates of the fixed effects to predict linear distance for each study site. To assess model performance, we used the model to estimate distances from proportion of natural area, in the same 14 studies used for parameterisation, then performed a linear regression of observed distances as a function of predicted distances (n = 275 sites). Results yielded a slope that was not significantly different from 1 (mean slope = 0.97, 95% confidence interval = 0.89-1.04) with an r 2 = 0.70 indicating that the approximation was adequate.
Statistical analyses for different response variables have different sample sizes as not all studies measured all variables. Specifically, 12 studies measured flower-visitor richness (Fig. 1) , 27 studies measured visitation rate to crop flowers ( Fig. 2 ) and 15 studies measured fruit set ( Fig. 3) . Similarly, analyses for temporal and spatial stability have different sample sizes as not all studies measured both temporal and spatial sub-replicates within each replicate (Table 1) . Fruit set data were available for spatial stability, but not for temporal stability, as only one study considered different flowering seasons.
Stability
Following several authors, we defined stability as the inverse of variability (e.g. Lehman & Tilman 2000; McCann 2000; Tilman et al. 2006; Griffin et al. 2009; Isbell et al. 2009; Haddad et al. 2011) . Specifically, temporal and spatial stability of pollination are defined here as low variation over time (days within the flowering season) and space (within site variation) respectively ( Table 1 ). The inverse of the coefficient of variation ðCV À1 ¼ mean standard deviation Ã 100Þ is a convenient measure of stability because it is dimensionless and scale invariant, and accounts for nonlinear dynamics, among other reasons (for further details see Lehman & Tilman 2000; Griffin et al. 2009 ). In our synthesis, we chose CV instead of CV )1 so as to permit inclusion of sites that showed standard deviation (SD) equal to zero (3% of total sites); note the impossibility of using zero in the denominator of the CV )1 ratio. A large temporal or spatial CV represents low temporal or spatial stability respectively (for the use of CV as a measure of instability, see examples: Doak et al. 1998; Kremen et al. 2004; Ebeling et al. 2008; Klein 2009; Proulx et al. 2010; Garibaldi et al. 2011 ). Stability measures have rarely been provided for pollination services to crops, not even by individual studies, as reflected by the fact that only four of the 25 articles listed in Table 1 analysed stability (all four of them calculated CV values). The measure CV accounts for (detrends) among-site co-variation between SD and mean values (for further details see Appendix S2) and is therefore an appropriate metric for considering the relationship between stability and isolation from natural areas.
The temporal CV was estimated separately for each response variable as the ratio between the SD and the mean of repeated measurements through time within each site (Table 1) . Specifically, we calculated the variation across days within a particular year, with the time intervals spanning from a week to several months depending on the flower bloom duration of the studied crop species (Tables 1, S1). For spatial CV, we used measurements taken in different positions within each site, such as different plant or transect locations (Table 1) . Mean and CV values for each study and each year were z-transformed ð y i Ày SDy Þ for comparisons between experiments with contrasting means ( y ) and standard deviations (SD y ). This standardisation was also necessary because not all studies measured the same variable in the same manner (Table 1 , Appendix S1). Therefore, we evaluated the relative influence of distance from natural areas on the mean and on the temporal and spatial CV for each variable.
Statistical analyses
We performed hierarchical Bayesian analyses to evaluate the effects of isolation from natural areas across multiple studies (Gelman & Hill 2007) . For each response variable (e.g. temporal CV of visitation rate, or spatial CV of flower-visitor richness), we estimated the following linear model that allowed the intercept and the slope to vary among studies:
where a i and b i are the intercept and slope of study i respectively, D iz is the distance (in metres) from nearest natural areas of site z in study i, and e iz is the residual of site z in study i. The a i and b i were considered normally distributed with means of l a and l b , and variances of r 2 a and r 2 b respectively. Therefore, l b describes the overall change across studies (hyperparameter) for a pollination response variable per metre of increase in isolation from natural areas, where the relative influence of each study depends on its sample size and the precision of its local model fit (Gelman & Hill 2007) . In addition, we present estimates for the slope of each individual study (b i ), which result from the combination of the overall trend across studies and the local model fit of the study (partial pooling estimates), where the weight of the local model fit increases with sample size and decreases with residual variance (Gelman & Hill 2007) .
The association between each response variable and isolation from natural areas was also explored using functional forms other than linear models and with and without z-scores standardisation. All models yielded the same directional trends between each response variable and isolation from natural areas, regardless of the shape assumed for this relationship, or the use of z-scores vs. absolute measurements (data not shown). A linear association between variables on a natural log scale was the best model according to the lower deviance and expected predictive error criteria (data not shown). In addition, the directional patterns described below for any variable was not affected by the exclusion of data taken at extremely long distances, or by the inclusion into the model of the number of spatial or temporal sub-replicates (Table 1) as a surrogate for differences in sampling effort among studies (Fig. S1 ).
The posterior probability distribution, which updates the prior distribution using the likelihood model and data, was simulated for each parameter with Markov Chain Monte Carlo (MCMC) using WINBUGS 1.4 (Lunn et al. 2000) from R Software (R2WinBugs package; Gelman & Hill 2007; R Development Core Team 2010). We assigned non-informative priors to all parameters; specifically, normal distributions for l a and l b (mean = 0 and variance = 10 000 for both parameters), and uniform distributions for r y , r a , r b (from 0 to 100 for the three variances) and q ab (from )1 to 1 for the correlation between a and b). For each model, we simulated three MCMC chains for 100 000 iterations (of which the first 50 000 were discarded), thinning the results by a factor of 150 to reduce autocorrelation in the sample. We used the R statistics to assess MCMC convergence, which converged in all models, as R statistics were approximately equal to 1.0 (Gelman & Hill 2007) . For each b i and l b , we report the 90% credible interval (also known as Bayesian confidence interval; Figs 1, 2 and 3), which we calculated as the highest posterior density estimate containing 90% of the posterior distribution of each parameter. In addition, for CV data, the proportion of simulated posterior values that are greater than zero In the left side panels, each grey point is a site within a study (all studies are shown) and the black line is the overall linear model estimation (note the natural log scale of both axes). Data from different studies were standardised by z-scores prior to analysis. Right panels show slopes (mean and 90% credible interval as circles and lines respectively) for each study (grey) and overall mean (l b , black).
In the x-axis of the right hand panel, ÔtropicalÕ = tropical and subtropical studies, ÔmedÕ = mediterranean studies, and ÔtempÕ = temperate studies.
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Habitat isolation and pollination stability 1067 Ó 2011 Blackwell Publishing Ltd/CNRS can be interpreted as the probability that greater isolation is associated with higher CV in a pollination variable, given our priors, data and model. For mean data, the proportion of simulated posterior values that are less than zero can be interpreted as the probability that greater isolation is associated with lower mean values for a pollination variable.
RESULTS
Absolute (non z-scaled) values for within-site spatial variation (spatial CV) were on average ± 1 standard error: 39 ± 3, 73 ± 12 and 68 ± 5% for insect flower-visitor richness, visitation rate to crop flowers (all insects but A. mellifera) and fruit set respectively (Table S1 ). Among-day variability within year for a particular site, (temporal CV) was 56 ± 4 and 65 ± 7% for insect flower-visitor richness and visitation rate to crop flowers (all insects but A. mellifera) respectively (Table S1 ). Spatial and temporal CV for A. mellifera visitation to crop flowers was 74 ± 4 and 82 ± 4%, respectively, whereas Bombus spp. showed 125 ± 10 and 77 ± 6% for spatial and temporal CV respectively. The z-scaled values of both spatial and temporal CV for flowervisitor richness of all insects but A. mellifera increased with isolation from natural areas, while mean richness decreased, irrespective of biome ( Fig. 1) . At 1 km from natural areas, spatial and temporal CV of flower-visitor richness increased on average by 25 and 39%, respectively, relative to the value at sites bordering natural areas, while mean richness decreased by 34%. Partial pooling estimates (see Statistical analyses) for all individual studies were consistent with these patterns, and no study included zero values in the 90% credible intervals from the posterior distribution except for some studies used to analyse temporal CV (Fig. 1) .
Spatial and temporal CV of visitation rate to crop flowers by all insects excluding A. mellifera increased with distance to natural areas across studies (Fig. 2) . Mean visitation rate to crop flowers decreased with isolation (Fig. 2) . Spatial and temporal CV of visitation rate increased on average by 16 and 13% at 1 km from natural areas, respectively, whereas mean visitation rate decreased by 27% (Fig. 2) . These trends were similar across biomes (Fig. 2) . Slopes for all studies showed the same directionality, although individual study estimates for temporal and spatial CV included a small and variable proportion of zero and negative values within the 90% credible intervals (Fig. 2) .
Apis mellifera ranged from 0 to 99% of flower visitors, represented 50% of flower visits on average across all studies and provided more than 25% of visits to crop flowers in 21 of the 29 studies (Table 1) . Coefficient of variation and mean levels of visitation rate to crop Figure 2 Mean and coefficient of variation (CV) of visitation rate to crop flowers in relation to distance from natural or semi-natural areas. In the left side panels, visitation rate values are only for all insects except Apis mellifera, each grey point is a site within a study (all studies are shown), whereas the black line is the overall linear model estimation (note the natural log scale of both axes). Data from different studies were standardised by z-scores prior to analysis. Right panels show individual study (b i ) and overall (l b ) slopes. Mean and 90% credible interval (only the lower limit is shown for clarity) are depicted as circles and lines respectively. Different analyses were performed for all flower visitors (except Apis mellifera, black), Bombus spp. (bumble bee, grey) and A. mellifera (honey bees, white). In the x-axis, ÔtropicalÕ = tropical and subtropical studies, ÔmedÕ = Mediterranean studies, and ÔtempÕ = temperate studies. flowers by A. mellifera did not change with isolation (Fig. 2) . This was also the case for the few studies in which all A. mellifera were known to be either managed or feral (Fig. S2 ). Bombus spp. as a discrete group showed the strongest increase in temporal and spatial CV with isolation from natural areas, although credible intervals were the largest, reflecting lower precision of estimates (Fig. 2) . While mean visitation rates to crop flowers decreased with isolation for Bombus spp., this decrease occurred at a lower rate than that observed for all insects excluding A. mellifera (Fig. 2) .
Within-site spatial variation (CV) in fruit set increased with isolation from natural areas, while mean fruit set decreased with isolation ( Fig. 3) . These results were consistent among individual studies irrespective of biome ( Fig. 3) , or crop pollinator dependence (Fig. S3 ), although 90% credible intervals included a variable proportion of values above or below zero for mean and CV respectively (Fig. 3) . Overall, spatial CV of fruit set increased by 9% at 1 km from natural areas, while mean fruit set decreased by 16%.
The increase in CV with isolation from natural areas was highest for the response variable of flower-visitor richness (all but A. mellifera), as l b yielded 0.045 and 0.032 for temporal and spatial CV respectively (Fig. 1) . Visitation rate (all insects but A. mellifera) showed an intermediate rate of change, as l b yielded 0.018 and 0.022 for temporal and spatial CV respectively (Fig. 2) . Fruit set showed the lowest rate of change, as l b yielded 0.013 for within site CV (Fig. 3) . Similarly, the magnitude of the negative association of isolation from natural areas on the means of response variables was highest for richness of flowervisitors (all but A. mellifera) as l b = )0.072 (Fig. 1) , intermediate for visitation rate to crop flowers by insects (all but A. mellifera) as l b = )0.052 (Fig. 2) and lowest for fruit set as l b = )0.027 (Fig. 3) . Across all studied response variables, the mean values showed a stronger change with isolation than stability, i.e. absolute values of l b were higher for means than for stability. Moreover, in all cases, SD decreased less steeply than mean levels with distance to natural habitats, thus relative variation (CV) increased with isolation (Appendix S2). We found no correlation between mean and SD among sites for fruit set, while the opposite was true for visitation rates (Appendix S2).
DISCUSSION
Many studies have shown that pollinator communities lose species as natural and semi-natural habitats are removed from agricultural landscapes (Westphal et al. 2008; Bommarco et al. 2010; Potts et al. 2010; Williams et al. 2010) . Ecological theory predicts that depauperate communities will deliver ecosystem services at lower and less stable rates over both time and space (Doak et al. 1998; Ghazoul 2006; Kremen et al. 2007; Ebeling et al. 2008; Hoehn et al. 2008) , but this has rarely been tested empirically. Our findings were consistent with the prediction that isolation from diverse natural and semi-natural areas reduces both the stability and the mean levels of flower-visitor richness, visitation rate and fruit set in crop areas.
Results from contrasting biomes, crops and landscapes were remarkably consistent, as reflected by our partial pooling estimates (Figs 1, 2 and 3) . The standardised relative scale with z-scores used here may show less differences among studies with contrasting mean and stability than when absolute values of slopes are used. For example, the overall 34% decrease in mean flower-visitor richness at 1 km from natural areas implies a greater decrease in absolute values of number of species for highly diverse tropical pollinator communities than for less diverse temperate ones, a pattern consistent with a recent synthesis (Ricketts et al. 2008 ). In addition, the similarity across studies and in response variables of the negative effect of isolation from natural areas suggests that habitat loss is a major and consistent cause for the decline in richness and abundance of pollinating insects across the globe (see also Potts et al. 2010; Williams et al. 2010) , and their associated services to agriculture.
Species richness of flower-visitors showed the greatest decrease with distance to natural areas, visitation rates showed an intermediate rate of change and fruit set showed the smallest decrease with isolation. Visitation rates may decrease less steeply than species richness because not all flower-visiting insect species are negatively affected by distance to natural areas due to response diversity (Winfree & Kremen 2009 ), e.g. ants visiting mango flowers (Carvalheiro et al. Figure 3 Mean and coefficient of variation (CV) of fruit set in relation to distance from natural or semi-natural areas. In the left side panels, each grey point is a site within a study (all studies are shown) and the black line is the overall linear model estimation (note the natural log scale of both axes). Data from different studies were standardised by z-scores prior to analysis. Right panels show slopes (mean and 90% credible interval as circles and lines respectively) for each study (grey) and overall mean (l b , black). In the x-axis of the right hand panel, ÔtropicalÕ = tropical and subtropical studies, ÔmedÕ = Mediterranean studies, and ÔtempÕ = temperate studies. 2010). The weaker signal for fruit set patterns may have occurred because, first, most of the crops in our study are able to self-pollinate to a certain extent or have a degree of parthenocarpy (Klein et al. 2007) . Second, A. mellifera showed no trend with isolation and in most of the studies, crops probably benefit from A. mellifera pollination (Table 1) . Third, other factors that limit fruit set, for instance, pests and limitation of water or nutrients, were not standardised in all studies. Finally, even if lower pollen supply occurred due to isolation, it might still be sufficient for ovule fertilisation, as the functional form between pollen supply and fruit set is positive, but asymptotic (Aizen & Harder 2007; Garibaldi et al. 2011) .
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When seed or fruit crop production are pollen limited, however, lower spatial and temporal stability of flower-visitor richness or visitation rate with isolation may decrease both the mean and stability of fruit set (Klein 2009; Garibaldi et al. 2011) . For example, among-plant spatial variation in pollination may result in failed fertilisation for some flowers in particular locations, whereas greater temporal variation in pollination would produce differences in ovule fertilisation for flowers blooming at different periods. Additionally, lower mean levels of richness or visitation rate are known to reduce both the mean and stability of fruit set (e.g. Hoehn et al. 2008; Carvalheiro et al. 2010) .
Importantly, we provide novel evidence of a negative relationship between isolation from natural areas and both spatial stability and mean level of crop fruit set. Our synthesis adds to a previous one that found no significant overall trend in mean fruit set with isolation from natural areas (Ricketts et al. 2008) , and provides the first information on the effects of spatial stability on crop production and temporal stability on proxies of pollination services (pollinator richness, visitation rate). Differences in overall mean trends between this study and the previous Ricketts et al. (2008) synthesis may have occurred because we standardised data across studies (z-scores) and included six new crops (almond, blueberry, buckwheat, cherry, spring rape, and strawberry) all measuring seed or fruit set at (or very close to) harvest. More studies are needed to enhance precision of our parameter estimates (Fig. 3) , as well as to detect whether isolation effects vary among crops with different degrees of pollinator dependence (Fig. S3 ). Our results suggest that pollen limitation of seed or fruit production is frequent for entomophilous crops in agricultural fields isolated from natural habitats. This is in agreement with a recent study reporting that crops with greater pollinator dependence had lower mean and stability in relative yield and yield growth, despite global yield increases for most crops (Garibaldi et al. 2011) . Pollen limitation has also been found to be common within natural areas (Knight et al. 2005) , and habitat fragmentation has been found to negatively affect pollination and reproduction of wild plants (Aguilar et al. 2006) .
Given that a negative association between isolation and crop fruit set was detected in the absence of a trend for A. mellifera visitation with distance to natural areas, our data suggest that pollination services provided by other (wild) insects are important even in the presence of A. mellifera. Wild insects may increase fruit set through enhanced amount and quality of pollen deposition, especially in crops that are not efficiently pollinated by A. mellifera such as tomato (Greenleaf & Kremen 2006a) , for example, by complementarity among species in pollen placement (Chagnon et al. 1993; Hoehn et al. 2008) or by enhancing foraging behaviour of A. mellifera (Greenleaf & Kremen 2006b; Carvalheiro et al. 2011) . Overall, our analyses suggest that improved management of farmland for pollination services should increase both the amount and spatial within-site stability of production for entomophilous crops.
Bees were the most important pollinators in all but three studies (Table 1 ; Blanche & Cunningham 2005; Mayfield 2005; Carvalheiro et al. 2010 ). This is not surprising because bees are known to be the most important group of crop pollinators worldwide (Klein et al. 2007; Kremen et al. 2007; Potts et al. 2010) . However, there is a need for more studies directly examining responses to natural habitat isolation of other non-bee pollinators, such as beetles (Blanche & Cunningham 2005; Mayfield 2005 ), syrphid flies (Meyer et al. 2009 ), ants (Carvalheiro et al. 2010 , midges and moths.
Flower-visitor identity had a major influence on the relationship between visitation rate and distance to natural areas. As expected, mean visitation rates to crop flowers by Bombus spp. decreased with isolation from natural areas, and this decline was weaker than that observed for flower-visitation by all insects (excluding A. mellifera), which include species of smaller size and flight capacity (Gathmann & Tscharntke 2002; Greenleaf et al. 2007; Klein et al. 2008) . Moreover, this weaker effect is also expected because some Bombus spp. nest in disturbed areas such as gardens, hedgerows and fence lines (Osborne et al. 2008) .
Apis mellifera visitation, however, showed no change with isolation, which is in agreement with a recent meta-analysis of the effects of anthropogenic disturbance on the abundance of feral or managed A. mellifera ). This species may be less affected by landscape composition because it has larger foraging ranges than many solitary bees (Gathmann & Tscharntke 2002; Steffan-Dewenter & Kuhn 2003) and also because hives of A. mellifera are frequently placed in farmland without reference to the distance from natural areas (Table 1 ; Carvalheiro et al. 2011) . Only 7% of the sampled sites included in our study were located farther than 2 km from natural areas (Table 1) . At this distance, negative effects of isolation on visitation rate by feral A. mellifera may become evident, as indicated by mean levels of visitation to macadamia flowers (Fig. S2) . Thus, greater distances from natural areas than those commonly observed in our synthesis may affect feral A. mellifera as well as other wild pollinators and produce greater decreases in both stability and mean of fruit set.
Biological diversity may enhance ecosystem services provisioning by increasing the mean level of delivery, as well as by providing services more stably over time and space (Doak et al. 1998; McCann 2000; Kremen 2005; Isbell et al. 2009; Proulx et al. 2010; Haddad et al. 2011) . Several mechanisms have been proposed to explain why richer pollinator communities might have enhanced function or stability, including species response diversity, functional redundancy, functional complementarity and sampling effects (Tscharntke et al. 2005; Hoehn et al. 2008; Winfree & Kremen 2009; Blüthgen and Klein 2011) . Our analyses suggest common directional effects of the expansion of low-diversity crop land in place of more diverse natural areas on ecosystem services provided by mobile organisms such as pollinating insects, even for contrasting crops and biomes around the world. Hence, we expect policies that promote natural areas nearby crops in agricultural landscapes will increase the stability and quantity of pollinator diversity and pollination services, leading to enhanced and stabilised productivity of entomophilous crop species.
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Appendix S1
Below we describe in more detail the methodology of four studies included in our synthesis that are currently unpublished (see also Tables 1, S1).
In the study coded as "Klein_unp", the pollination of Prunus dulcis L. (almond) was investigated in Yolo and Colusa counties in northern California, USA, during 2008.
'Klein_unp' observed flower-visiting insect species richness and visitation frequency during bloom and calculated fruit set a few weeks before almond harvest. This was done in eight organic and nine conventional almond orchards with levels of isolation to wild habitats (Chaparral shrub, oak savannah, riparian woodland). Flower-visiting insects were observed between 09:00 and 16:00 under standardized conditions (sunny to light overcast skies with temperatures >13°C and wind velocity <2.5 m s -1 ) during three observation rounds on three separate days for each site. For each orchard and observation round, five individual trees were observed for 13.3 minutes at the orchard margin and five trees for 13.3 minutes at the orchard interior, resulting in a total of 26.6 minutes of observation time per round and a total of approximately 80 minutes per orchard over three days. To assess fruit set, the number of flowers and the number of developed ripe fruits were counted along a 1m length of a single branch on five trees per orchard at the orchard margin and the orchard interior. The main flower-visiting species was the managed honey bee Apis mellifera; wild bee species Andrena cerasifolii, Lasioglossum spp., and Panurginus spp. were also common in orchards adjacent to natural or semi-natural areas but fly and other insect visits were less frequent.
In the studies coded as "Mandelik_unp_A" and "Mandelik_unp_B", flower- Both studies were conducted in the Judean Foothills, a Mediterranean ecosystem in central Israel during crop bloom in May-June 2009. The sunflower study was conducted in 11 field margins, in 4 of these fields sampling was conducted also in the centre of fields (at least 100 m from the edge). The watermelon study was conducted in 10 field margins, in 8 of these fields sampling was conducted also in the centre of fields (at least 100 m from the edge). Study plots (25 × 25 m) were separated by at least 1.2 km from each other. In both studies field work was conducted under standardized weather conditions (sunny to light overcast skies, temperatures >20 ºC and mean wind velocity <3.5 m s -1 , excluding three occasions). Each plot was sampled between one to three times (mostly twice), each time occurring on a separate day. In each sampling day two sampling sessions, 2-3 hours apart, were conducted. Each sampling session included 10-20 min of observations of bee visits to crop flowers followed by 10 min of netting (the stopwatches were stopped when handling bees that were caught). In the sunflower study bee sampling was conducted between 8:00 and 16:00. In each sampling session 35-40 flower heads (of variable sizes and blooming stage) were observed, each for 30 sec. In the watermelon study bee sampling was conducted between 7:00 and 11:00. In each sampling bee visits to flowers were recorded while walking throughout the entire plot.
In both studies the main flower-visiting species was the managed honey bee A. mellifera (Table 1) . Dominant wild bee visitors in both studies were small to medium sized bees of the genus Lasioglossum spp.
The study coded as "Holzschuh_unp" evaluated Prunus avium L. (sweet-cherry) pollination for two self-sterile cultivars (S-alleles: Regina S1S3, Kordia S3S6) in 8 orchards around the town of Witzenhausen, Northern Hesse, Germany. This region is characterized by relatively heterogeneous landscapes consisting of intensively managed orchards, traditional orchard meadows, forest fragments, intensively managed crop fields, grasslands and semi-natural habitats like calcareous grasslands and hedgerows.
Eight landscape circles with 1 km radius were selected (within an area of 8 x 10 km) centred in each orchard. Based upon the habitat requirements of solitary bees, "Holzschuh_unp" classified hedgerows, old fallows, orchard meadows and other nonintensively managed grasslands as bee-nesting habitats. Those habitats can be considered to be high-diversity sources of bees, which forage in multiple habitats at the landscape scale to collect pollen for larvae provision in the nesting habitats. Orchard areas ranged between 1.16 ha and 5.04 ha (3.59 ha ± 1.18 ha; mean ± SE). Ground vegetation between cherry tree lines was mown after fruit crop flowering, with exception of two orchards which were mown before or during cherry flowering.
Vegetation growing directly under the cherry trees was not mown. Species richness of flowering plants in orchards was generally low and ranged between 3 and 9 species (5 ± 0.9). Farmers are aware that yield depends on insect pollination and place honey-bee hives in the orchard or the vicinity, or trust in long-distance foraging of honey bees within the region. Flower-visiting insects were recorded from 20th April to 7th May 2008 during the flowering period of sweet cherry trees. Three survey rounds per orchard were conducted between 10 a.m. and 5 p.m. when conditions were suitable for pollinator activity (temperature >18 °C, wind speed <3 bft, sunny weather). All orchards were surveyed once in the morning, around noon, and in the afternoon on three non-consecutive days. The first round started one day after bud opening. Flower-visiting insects were recorded on four individual trees per orchard for 5 minutes per tree and survey round (=15 minutes per tree, 60 minutes per orchard). All flower visitors of a tree were captured walking slowly around the tree. Visitation rates were estimated as the number of pollinators per tree divided by the number of flowers in the tree. To measure fruit set, the number of flowers of one branch per study tree was counted when flower buds became visible (35-60 flowers per branch). Ripe fruits were counted nine weeks after flowering. The main flower-visiting species were the managed honey bee A. mellifera and wild bees of the genus Andrena.
Appendix S2. Decomposition of coefficient of variation (CV) into mean and standard deviation (SD): implications for understanding the effects of isolation from natural areas.
Decomposition of CV trends with isolation into SD and mean
To understand how changes in CV with isolation from natural areas are decomposed into changes in SD and mean we present non-detrended SD in Fig. S3_1 . In all cases SD decreased less steeply than mean levels with distance to natural areas, thus relative variation (CV) increased with isolation. Figure S3_1 . Overall change ( , i.e. overall slope) in the mean, standard deviation (SD), and coefficient of variation (CV) with increasing distance (m) from natural or semi-natural areas. Different analyses were performed for flower-visitor richness (all insects except A. mellifera), visitation rate to crop flowers (all insects except A. mellifera), and fruit set. Mean and 90% credible interval are depicted as circles and lines, respectively. Although temporal and spatial datasets were analysed together for mean trends in the manuscript, here we performed separate analyses for comparison with spatial or temporal SD and CV. Data from different studies were standardized by z -scores prior to analysis. 
Can spatial variation in SD be predicted by mean levels?
To understand if spatial variation in SD can be predicted by its spatial co-variation with mean levels we performed simple linear regressions of SD as a function of mean levels (Table S3_1 ). The highest association between variables was found for visitation rate to crop flowers in both spatial and temporal datasets. Spatial and temporal SD of pollinator richness were also positively associated with mean levels, however, both the slope of this association and the r 2 were considerably lower than for visitation rates. Finally, we found no association between spatial SD and mean levels across sites for fruit set.
Therefore, the decrease in non-detrended SD with isolation for visitation rate and richness may be associated to the decrease in mean trends (Fig. S3_1 ), given the positive spatial co-variation observed (Table S3_1 ). In the following section we present detrended by mean changes in SD with isolation from natural areas. Table S3_1 . Standard deviation as a function of mean levels across sites tested by linear regression on a natural log-log scale (we also show Pearson's r for simple correlations). Different analyses were performed for flower-visitor richness (all insects except A. mellifera), visitation rate to crop flowers (all insects except A. mellifera), and fruit set. The slope was always significantly different from zero as all P < 0.001, except for the association between spatial SD and mean of fruit set which was not significant (in italics). Data from different studies were standardized by z -scores prior to analysis. 
Intercept
Isolation patterns in SD detrended by mean levels
The CV has been in itself the selected measure of (the inverse of) stability by many studies (see Stability section in the manuscript) as it allows to compare the variability among different sites or populations with contrasting mean levels.
Equation 1 
Should CV be further detrended by changes in mean levels?
A positive among site co-variation between CV and SD is expected, as well as a (Table S3_2) . Table S3_2 . Coefficient of variation (CV) predicted by changes in mean or standard deviation (SD) across sites tested by linear regressions on a natural log-log scale. Different analyses were performed for flower-visitor richness (all insects except A. mellifera), visitation rate to crop flowers (all insects except A. mellifera), and fruit set. The slope was always significantly different from zero as all P < 0.001, except for the association between spatial CV and SD of visitation rate (in italics). Data from different studies were standardized by z -scores prior to analysis. However, importantly, implicit in equation 4 is that the negative association between the CV and the mean is larger when the among-site positive correlation between SD and mean is smaller (indeed this happened with our data as shown in Fig.   S3_2 ). For example, an absence of correlation between CV and mean would be produced by compensatory changes in SD due to a high correlation between SD and mean. This is opposite to what would be desired for a co-variate, i.e. to detrend for the correlation between mean and SD. Therefore, mean levels should not be included as a co-variate when using CV as a response variable, because the CV already detrends SD by changes in mean values and because mean values as co-variate would introduce spurious associations with CV given that they are located on both sides of the equation (especially when SD and mean are uncorrelated). Figure S3_2 . The magnitude of correlation between CV and mean increase (note the negative scale of the y-axis) when the correlation between SD and mean decreases, as expected from equation 4. Each point represents each of the five correlations tested in Tables S3_1 and S3_2 . 
Slope
Figure S2
Change in the mean levels and coefficient of variation (CV) of visitation rate to crop flowers by Apis mellifera (honey bee) with increasing distance from natural or semi-natural areas. Mean and 90% credible interval are depicted as circles and lines, respectively, for individual study slopes ( ). For each response variable one analysis was performed with studies where only managed (gray) colonies were present, and another analysis with studies where only feral (black) colonies were present (see Table 1 ). Results show that A. mellifera visitation rate did not change with isolation neither for managed nor feral colonies. Exceptions were grapefruit and macadamia studies, where mean visitation rate of feral A. mellifera decreased with isolation (see Blanche et al. 2006; Chacoff & Aizen 2006) . 
Figure S3
Slopes for mean and coefficient of variation (CV) of fruit set as a function of crops' pollinator dependence. The slopes represent the rate of change in fruit set with distance to natural or semi-natural areas (see Fig. 4 ). Mean and 90% credible interval are depicted as circles and lines, respectively, for individual study slopes ( ). Data from different studies were standardized by z -scores prior to analyses. Each crop was categorized following Klein et al. (2007, " Importance of pollinators in changing landscapes for world crops", Proc. R. Soc. Lond. B, Biol. Sci., 274, [303] [304] [305] [306] [307] [308] [309] [310] [311] [312] [313] into one of four pollinator-dependence classes: little (5% yield reduction without pollinators), modest (25% reduction), considerable (65% reduction), and essential (95% reduction). We found no trend between slopes for fruit set and pollinator dependence, likely because crops varying in pollinator dependence are located in different landscapes with contrasting biomes and pollinator communities. More studies are needed to allow analyses using landscape characteristics (e.g. biome, functional traits of resident pollinators) as covariates to disentangle pollinator dependence effects. 
